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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with die patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subji^the company to certain additional company law rules. 
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• .Method and Apparatus for Forming a film on a Substrate 
In our pending application No.* 9914879.3, the 
contents of- which are hereby incorporated by reference, we 
described a method for forming a film on a substrate 
5 comprising: 

(a) positioning the substrate on the support in a 
chamber; 

(b) supplying to thei chamber in gaseous or vapour form a 
silicon containing organic compound and an oxidising agent 

10 in the presence of a plasma to deposit a film on the 

substrate; and 

(c) setting (e.g. by annealing) the film such that 
carbon-containing groups are retained therein. 

We suggest that the preferred oxidising agent is oxygen 
15 and indicate that the silicon-containing organic compound 

may be an alkylsilane or a tetralkylsilane . 

Further experiments have now been carried out which 
suggest that methoxysilanes and in particular 
methoxymethylsilanes produce films with very low 
20 dielectric constants and may be particularly preferred. 

Particularly good results have been achieved with 
cyclohexyldimethoxymethylsilane (CHDMIMS) which has the 
following structure : 
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Experiments have also shown that a methoxysilane 
(e.g. CHDMMS may be able to be processed as in the above 
method described, but without any oxidising agent present 
in the plasma. It is supposed that this is because the 
Si-0 bond already exists as part of the methoxy group. 

Accordingly, according to another aspect the 
invention consists in a method of forming a film on a 
substrate comprising : 

(a) positioning the substrate on a support in a chamber; 

(b) supplying to the chamber in gaseous or vapour form an 
organic compound including an Si-O bond to. deposit a film 
on the substrate; and 

(c) setting (e.g. annealing) the film such that carbon- 
containing groups are retained therein. 

Preferably the compound is supplied in the presence 
of a plasma, but other energy sources may be utilised to 
cause appropriate deposition and these may be combined 
with spin-on techniques . 
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As before the platen or support temperature may be 
low, and initial experiments as. shown in Figure 6 were 
carried out at. various temperatures from to 70°c. 

Subsequent experiments have been carried out with a platen 
temperature of 50°C rather than O^'C as previously described 
in British Patent Application No. 9914879.3. 

The invention will be described with reference to the 
accompanying drawings, in which: 

Figure 4 is a Fourier Transform Infra-Red (FTIR) 
spectrum for a first process run without oxygen; and 

Figure 5 is the equivalent FTIR for the process run 
with oxygen; 

Figure 6 is a table showing initial experimental 
results using standard delivery systems for CHDMMS; 

Figure 7 is a table showing experimental results 
using a syringe pump to deliver CHDMMS; and 

Figures 8 to 10 are FTIR spectrum relating to certain 
experiments identified in Figure 7. 

An experiment has particularly been carried out using 
cyclohexyldrimethoxymethylsilane (CHDMMS) . As is reported 
below this has shown significantly reduced dielectric 
constants. It is anticipated that benefits will be found 
from many methoxysilane compounds such as 

tetramethoxysilane. 
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The experiments were carried out in a chamber 
substantially as shown in Figure 1 of our co-pending 
application 9914879.3 with an electrode gap spacings of 
40mm and 20mm and the uniformity ring shield used for non 
plasma based processes removed. The CHDMMS was fed into 
the chamber using a syringe delivery system described in 
our co-pending application (filed and entitled "Delivery 
of Liquid Precursors to Semiconductor Processing 
Reactors", which is incorporated herein by reference), on 
the same date as opposed to a traditional low vapour 
pressure mass flow controller. This was done due to the 
fact that, as described below, CHDMMS could not be 
reliably delivered by conventional means as it has a 
relatively high ' boiling point (approximately 200°C) 
compared to most of the other precursor materials 
investigated in application 9914879.3. 

All processes were run with plasmas applied to the 
showerhead. All wafers were >set' by annealing for 
typically 30 minutes at approximately 480°C. 

The following parameter ranges have been 
investigated: 
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Pressure 
Power (380 kHz) 
Platen temperature 
CHDMMS flows 
Oxygen flows 
Nitrogen flows 
Peroxide flows 



500 mT to 1500 mT 
50 W to 750 W 
0°C to 70°C 

0.5 g/min to 1.5 g/min 
0 to 200 seem 
0 to 400 seem 
0 to 0. 75 g/min 



It will be appreeiated that the relative flow rates 
are particularly relevant to the process. in general 
higher rates lead to higher deposition rates and thus a 
broad range of flow rates can achieve . similar results. 
Thus values outside the above ranges may be applicable. 

Two particularly preferred process examples are given 
below: one of these is with oxygen and one is without 
oxygen. 



20 



Process 1 (no O2) 




Pressure 


900 mT 


Power 


500 W 


Platen temperature 


50°C 


CHDMMS flow 


0.85 g/min 


Nitrogen flow 


200 seem 




Process 2 (with O2) 




Pressure 


900 mT 


Power 


250 W 


Platen temperature 


50°C 


CHDMMS flow 


0.85 g/min 


Oxygen flow 


50 seem 


Nitrogen flow 


150 seem 
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The resultant films were annealed and the post anneal 
results were as follows: 



Pxocess 1 (no Oz) 




Deposition rate 


17000A/min 


Uniformity (max/min) 


± 4% 


Refractive index 


1.370 


Dielectric constant 


2.55 


■ ~' ■ 1 


Px-ocess 2 (with O2) 




Deposition rate 


9500A/min 


Uniformity (max/min) 


± 5% 


Refractive index 


1.340 


Dielectric constant 


2.25 



As can be seen the dielectric constants in each case 
are desirably low, but the "with oxygen" process is 
significantly advantageous. 

Figures 4 and 5 show the respective FTIR spectra. It 
will be seen that they are substantially similar. The 
feature between 2500 and 2000 in Figure 5 is believed to - 
result from atmospheric (background) CO2. 

In fact, initial experiments were carried out using a 
CHMMS source consisting of a PTFE pot within an evacuated 
aluminium vessel which was heated to ISO^'C. The pot was 
connected by gas line to a gas mass flow controller 
suitable for H2O with a conversion factor of 1.000. The 
RF power was applied to the showerhead with a spacing from 
the wafer of 40mm. The RF was SSOkhz continuous mode. 
Results from these experiments are shown in Figure 6. The 
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numbers in the CHMMS column are the nominal gas flow as 
measured by the mass flow controller however stable flows 
could not be achieved and therefore these results are for 
near random quantities of CHMMS being delivered to the 
process chamber. At this point experimentation was halted 
until a superior delivery system for this precursor could 
be developed. 

CHMMS has a boiling point of 201. 2°C, and a density 
of 0.940 g/cc. As it was noted in these experiments that 
CHMMS deposits a low k insulator without the addition of 
an oxidising agent it is therefore possible that it could 
be delivered as a liquid . to a semiconductor wafer without 
a chamber being required (e.g.. by well known 'spin-on' 
techniques) and then reacted either thermally or by plasma 
to form a low k (k<3) insulator layer. The apparatus used 
may in effect deposit a liquid by vaporising the liquid 
precursor, delivering it as a vapour and then condensing 
it onto the wafer at a temperature below the boiling point 
of the precursor at that pressure. It is not yet clear if 
the reactions take place to the precursor on the wafer or 
at some other place, depositing reaction products onto the 
wafer. 

Having developed a more suitable liquid delivery 
system which utilises a syringe pump, further experiments 
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were carried out as shown in Figure 7. From these 
experiments preferred processes were developed as further 
described here. FTIR for runs 13, 14 and 16-23 

respectively are illustrated in Figures 8 to 10. 
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PUtcn 




Dcp lutc 


LfAjiominy 












1 




Run No 


CMMMS 


H202 


O2 


N2 


fW) 


(mT) 




CO 


(A/min) 


(•/•) 




n.i 


SiOSiO 


SiH/SiO 


CH^SiO 








1000 


0.75 


0 


0 


50 


1 500 


70 


too 


1166 
681 


6j3 
5.1 


1.4S2 
1.3702 


0.0007 
0.0074 












f 2 


1300 


0.75 


0 


0 


50 


900 


70 


100 


2542 


6J 


1.3321 


0.01 














I3O0 


0.7 


0 


0 


100 


900 


70 


100 


1S53 


6.1 


1.3676 


0,015 












4 


1300 


0.7 


0 


0- 


100 


900 


70 


100 




S.5 


1J493 


0.01 25 












6 


1300 


0.7 


0 


0 


100 


900 


70 


100 


3916 
200^ 


5.1 

8.3 


M736 
1J5S7 


0.0023 
0.0075 












7 


1300 


0.7 


0 


0 


too 


900 


70 


100 


3965 
2097 


22.1 
22-5 


1-5007 
1.3749 


0.005 












S 


J300 


0.7 


0 


0 


100 


900 


0 


100 


1392 
716 


13.5 
13.9 


1.4g71 
lj;74 


0.005 
0.005 












9 


IjOO 


0.7 


0 


0 


100 


900 


0 


100 




















\o 


1300 


0.7 


0 


0 


200 


900 


5 


100 


1176 
73S 


27.3 
25.6 


1.4S31 
1.4064 


0.0)06 
0,025 
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1300 


0.7 


. 0 


0 


200 


900 


0 


100 


-2000 








0.0343 
0.0191 


0 
0 


0.1062 
0.0O69 




Pox Rcrllle 


d 


































7A/0S/99 


12 


eoo 


0.5 


0 


0 


100 


900 


70 


lOO 


1731 


15.9 


I.46tS 


OJ3I63 












13 


SOD 


0.4 


0 


0 


SOO 


900 


70 


100 


993S 


35 


1.45S 




0.01 S3 


U.0063 


0,1102 








300 


0.4 


0 


0 


250 


900 


70 


100 


2166 


16.2 


1.4569 


0.0156 














800 


0 


0 


0 


5O0 


900 


70 


100 


-lOOOO 


-30 


J.45 




0.0316 


0.021 


0.1715 




1 


16 


eoo 


0 


0 


0 


250 


900 


70 


100 


-6000 


-45 






0.0299 


0.0365 


0.2756 




17 


soo 


0 


0 


0 


250 


900 


70 


100 










0.0322 


0.0376 


0J03 






IS - 


wo 


0 


0 


0 


250 


900 


70 


100 


5200 














2.55 




19 


800 


0 


0 


0 


250 


900 


70 


100 


7200 














15.2.7 




20 


soo 


0 


0 


0 


250 


900 


40 . 


too 


533b; 


■ 23,4 


1.4938 




0.03 


0.039 


0.2353 




25/05/W 


21 


800 


0 


0 


0 


250 


900 


40 


100 


<t200 














3.2 




22 


soo 


0 


0 


0 


250 


900 


:o 


100 


3641 


14.4 


1.4913 


O.OIS 


0.0396 


0.027 


0037 






23 


soo 


0 


0 


0 


250 


900 


20 


100 


6500 
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FTIR Spectra 

" :.) 800CHIvlMS.0.4g/min H202, 900mT, 250W as deposited 




2.) SOOSccm CHMlvlS, 0.4g/min H202, 900mT, 500W 
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